Mem. S.A.It. Vol. 90, 619 © SAIt 2019 Memorie della

Irradiation of cytosine adsorbed in a clay mineral

A. Paredes-Arriaga^{1,2}, A. Meléndez-López^{1,3} , J. Cruz-Castañeda^1 , S. Ramos-Bernal^1,

A. Heredia^1, and A. Negrón-Mendoza^1

1 Instituto de Ciencias Nucleares, Universidad Nacional Autónoma de México (UNAM), Circuito Exterior, C.U. 04510, CDMX, México, e-mail: ramos@nucleares.unam.mx 2 Present address: Instituto de Geofísica, Universidad Nacional Autónoma de México (UNAM) Circuito Exterior, C.U. 04510, CDMX, México 3 Present address: Instituto de Geología, C.U. 04510, CDMX, México

Abstract. Clay minerals might have played an essential role in the early Earth. Clays are known to have a high affinity for organic compounds. In this work, we studied the possible protector role of clays toward cytosine, a nitrogen base adsorbed into the clay and exposed to the high radiation field. The results show that cytosine can resist high radiation dose with the clay. In contrast, the survival toward the irradiation of this compound without the clay is meager.

Key words. Cytosine – nucleic acids radiolysis – chemical evolution

1. Introduction

Cytosine is a nitrogen base important in biological systems, such as genetic and energy processes. Cytosine is formed in prebiotic conditions. Its synthesis and stability in environmental conditions are of paramount importance in chemical evolution. There are synthesis of cytosine and other nitrogen bases simulating the primitive Earth (Deamer 2011). On the other hand, clay minerals are considered the most likely material to promote organic reactions at the interface of the hydrosphere and lithosphere. J. D. Bernal (Brack 2013) suggested that clays act as concentrators of biological precursor molecules. Clays may protect these molecules from high-energy radiation. Despite the importance of nucleic acid bases in a prebiotic environment, few papers deal with the survival of this type of compound. In particular, there are none about the study of the stability of cytosine and other bases like thymine and uracil in an aqueous medium, at high temperatures, or in the presence of high radiation fields. The attempt of this work is to show preliminary results about the studies of the stability of cytosine as prototype of a nucleic acid base in a high-energy radiation field and the presence of a clay mineral, to determine the protector role of clays when they have an adsorbed compound and the clay-organic system is exposed to radiation in an experiment simulated wet/dry cycles.

2. Experimental procedures

2.1. Preparation of solutions

Aqueous solutions of cytosine, from Sigma Chemical Co. (USA) in concentrations of

620 Paredes-Arriaga et al.: Irradiation of cytosine

Fig. 1. Recovery of cytosine as a function of the dose in the different systems studied. Filled circles: cytosine in aqueous solution. Filled triangles: cytosine in a clay suspension.

1x10^{−3} to 1x10^{−4} M, pH 2 were prepared in an oxygen-free glass container. The water and glassware were treated according to Draganić & Draganić (1971).

2.2. Adsorption/desorption experiments

A set of samples was prepared with clay mineral (Na-montmorillonite from Wyoming bentonite). The adsorption of the cytosine at pH 2 was done as it is described previously (Perezgasga et al. 1996). The solutions were irradiated at different doses, using a source of cobalt-60 (Gamma beam 651-PT). The doses used were measured according to Fricke (Draganić & Draganić 1971) from 1-20 kGy. The desorption was made at pH 9 with sodium hydroxide.

HPLC and UV spectroscopy were used to analyze cytosine that remains in the solution.

3. Results

Figure 1 shows the effect of the irradiation dose in the recovery of cytosine. The results obtained with the cytosine-clay, system, show that the base can resist high radiation dose with the clay (Fig. 1 filled circles).

In contrast, the survival toward the irradiation of this compound without the clay is low (Fig. 1 triangles). The role of clay as protector of the organic molecules was observed in these experiments. This protector role, after exposure to ionizing radiation, also was observed in the supernatant, when the amount of cytosine added to the clay exceed the limit of active sites saturating the clay (Fig. 1 circles) and remain in the solution (filled triangles). When the system is drying, simulating dry/wet circles, the recovery is higher.

4. Conclusions

These experiments simulated wet/dry conditions that may occur in a small lagoon and crater lakes in the primitive Earth. Cytosine (pyrimidine bases), can be recovered after the irradiation when it is adsorbed into clay and in the suspension when the active sites of the clay are saturated. In these series of experiments, the protection role of the clays, toward ionizing radiation was observed for cytosine.

Acknowledgements. The support of the projects PAPIIT IN226817 and IN110919 is acknowledged. APA thanks the Posgrado en Ciencias de la Tierra and CONACYT for the fellowship. We also thank Chem. Claudia Camargo, M. Sc. Benjamín Leal, Phys. Francisco García Flores, Tech. José Rangel, and Mr. M. Cruz.

References

Brack, A. 2013, in Handbook of Clay Science, F. Bergaya & G. Lagaly eds. (Elsevier, Amsterdam), Developments in Clay Science, 5, 507 Deamer, D. 2011, First Life (University of California Press, Berkeley) Draganić, I. G. & Draganić, Z. D. 1971, The Radiation Chemistry of Water (Academic Press, New York) Perezgasga, L., et al. 1996, Origins of Life and Evolution of Biospheres, 35, 91